Abstract. New results of measurements of the angular distributions of proton-induced fission fragments of 182,183,184,186 W in the proton energy region 50-180 MeV are presented. The results are discussed together with earlier data, obtained for subactinide nuclei 204,206,207,208 Pb and 209 Bi and actinide nuclei 232 Th and 233,235,238 U, for both protonand neutron-induced fission. Similarity is noted of values and energy dependences of angular anisotropy of fission induced by protons and neutrons (taking into account a trivial effect of Coulomb factor) as well as influence on the anisotropy value of the emission character of fission of actinide nuclei and its connection with parameter of fissionability Z 2 /A.
Introduction
Studies of fission fragment angular anisotropies is a way to determine the state of a fissioning nucleus at the saddle pointshape, angular momentum and temperature. For the understanding of dynamics of fission process the knowledge of these key characteristics is necessary in wide range of fissioning nuclei, their excitation energies and angular momenta. With this goal, in framework of ISTC projects measurements have carried out of the angular anisotropies in neutron-induced fission of 232 Th and 238 U in the 20-160 MeV energy region and 209 Bi at 75 MeV [1] , and in proton-induced fission of 204, 206, 207, 208 Pb and 209 Bi in the 50-180 MeV energy region [2] . The results have been analyzed together with compiled data on angular anisotropies in proton-induced fission of 232 Th and 233,235,238 U [3] and subactinides [4] . Analysis of the experimental data for actinides have shown that the value of the anisotropy depends on ratio of neutron and fission widths, Γ n /Γ f , of fissioning nuclei which determine the multi-chance structure of fission of these nuclei (its dependence on the fissionability of nucleus).
In the present work new results of measurements of the angular distributions of proton-induced fission fragments of 182, 183, 184, 186 W in the energy range 50-180 MeV are presented and compared with compiled data for adjacent nuclei, 185 Re and 181 Ta, and for subactinides in lead-bismuth region. The discussion is carried out in frame of the standard statistical (transition state) model taking into account the characteristics of the intermediate compound nuclei formed in process of interaction of nucleons with target nuclei. measurements were carried out using a vacuum chamber with thin-film breakdown counters (TFBC) for fission fragment detection placed in the angular ranges of about 0
Experimental results
• -90
• and 90
• -180
• relatively to the proton beam direction. The experimental setup, measurement conditions and procedure of process of experimental results are described in details in our reports [2, 5] .
In figure 1 the experimental angular distributions of the 184 W fission fragments in the laboratory frame are presented for three energies of incident protons. The anisotropy factors, 
Angular anisotropy for subactinides
In our previous study [4] we have performed semi-empirical analysis of energy dependence of angular anisotropy for subactinide nuclei in the lead-bismuth region. Experimental data on proton-induced fission for separated lead isotopes and bismuth were taken from compilation [6] and supplemented by our measurements [2] . The analysis has been carried out in the frame of transition state model [7] , where the anisotropy factor C is merely connected with the mean square of the angular momentum of a nucleus at the saddle point, I 2 , and the dispersion of the momentum projection on the axis of fissioning nucleus, K
where J eff is the effective moment of inertia, and T is the temperature of a nucleus in this state. Because of complexity of quantitative consideration of cascade and pre-equilibrium particle emission resulting in formation of a broad set of residual nuclei, for subacinide region we applied an "integral" description where l 2 andẼ 2 0 are averaged over the states of fissioning nuclei. The results of these calculations are summarized in figure 2b.
It is seen from figure 2 that experimental data sets for leadbismuth and tungsten regions are very similar. In particular, despite of considerable widening of range of average parameter Z 2 /A of composite system (incident particle + target nucleus) relatively to ref. [ 2 /A for subactinide nuclei having weak fissionability and accordingly low probability of emission fission. Thus the calculated energy dependences of the anisotropy factors for lead isotopes can be used for all tungsten isotopes. In figure 2a the curve calculated for 208 Pb is used as for nucleus with closest fission barrier. It is seen from figure 2 that the calculated curve satisfactorily describe experimental results.
Measurements of angular anisotropy in neutron-induced fission in intermediate energy region have been started in ref. [1] . One of the first results was measurement of angular distribution of fission fragments and anisotropy factor for the 209 Bi(n,f) reaction at neutron energy 75 MeV using a Frish gridded ionization chamber [9] .
A physical base for comparison of data obtained at neutrons and protons can be found in hypothesis of quasicompound nucleus formed in interaction of heavy nuclei with intermediate energy particles [10] . The "compound nucleus" effect is manifested in similarity of number of observed characteristics for composite systems with the same charge Z, mass A and excitation energy E * , independently on incident particle (proton or neutron), but taking into account trivial factor of Coulomb barrier for protons. This effect, probably, reflects closeness of parameters of interim compound nuclei formed as a result of intra-nuclear cascade and preliminary emission. For two reactions 208 Pb+p and 209 Bi+n the average values Z , A and E * , versus the incident nucleon energy as well as the shapes of their distributions for three values of the projectile energy are shown in figure 3 . The data are extracted from calculations by CEM03.01 event generator [11] . Similarity of average values of the above mentioned parameters have been established earlier in ref. [12] as results of calculations by the TALYS code [13] .
In case of angular anisotropy account of Coulomb barrier results in change of introduced angular momentum, thus it appears that C n = (E/(E − V))C p . Experimental value of C n for 209 Bi(n,f) -0.52 ± 0.20 corrected to this factor is compared with C p for the 208 Pb(p,f) in figure 2a. It is seen that the values do not contradict each other although they have large uncertainties. 
Angular anisotropy for actinides
Measurements of angular anisotropies for neutron-induced fission of 232 Th and 238 U in the neutron energy region 20-160 MeV [1, 14] have contributed in more detailed comparison of values and energy dependences of the anisotropy for protons and neutrons as well as in determination of physical factors affecting the anisotropy for actinide nuclei. In ref. [3] all compiled experimental data on angular anisotropies for proton-induced fission of 232 Th, 238 U, 233 U and 235 U have been analyzed. The best agreement of calculated in frame of transition state model (like for subactinide nuclei) and experimental values of anisotropy factors has been obtained for excitation energy at a saddle point for 238 U approximately to about 8 MeV more than for 232 Th that has been connected with difference in fissionability for these nuclei.
The dependence of anisotropy on the fissility parameter Z 2 /A in fission induced by low-energy neutrons but at energies higher than the threshold of the emission fission was discussed in refs. [15, 16] . It is interesting that parameter Z 2 /A of the composite systems plays the same role at higher energies when the mechanism of the reaction becomes more complex and the excitation energy of fissioning nuclei becomes higher. It has been assumed that, as in the case of subactinide nuclei, the anisotropy factor for actinides in neutron-induced fission can be calculated using the anisotropy factor for the same energy protons and the composite system with the same parameter Z Data on anisotropy factors for 40 MeV proton-induced fission (including converted from data on neutron-induced ones) and all known data on anisotropy of fission induced by deuterons and alpha-particles have been compared with data on ratio of neutron and fission widths, Γ n /Γ f (determining fissionability of nuclei fig. 4 ). It has been concluded that similarity of behavior of the anisotropy and the probability of neutron emission before the saddle point which is determined by Γ n /Γ f shows that the temperature at the saddle point remains to be an important factor influencing the anisotropy of fission heavy nuclei induced by intermediate energy nucleons as at low energies.
Conclusion
Experimental studies of angular anisotropies of intermediate energy nucleon-induced fission in the wide range of parameter of fissionability of nuclei has shown a major similarity of values and energy dependencies of the anisotropy for protons and neutrons. Observed difference in the projectile energy region below 50-60 MeV is connected with effect of Coulomb factor diminishing the angular momentum introduced by protons and reducing the anisotropy factor. It reflects the effect of "compound nucleus" being manifested in similarity of characteristics of fission reaction for composite systems of equal nucleon composition and excitation energy. Such similarity is seen from calculations of parameters of interim compound nuclei carried out in frame of modern model codes CEM03 and TALYS. At the same time a significant difference takes place between actinides and subactinides in dependence of the anisotropy of fission by both charged particles and neutrons on parameter Z 2 /A. The value of the anisotropy coefficient for subactinides practically does not depend on this parameter, while for actinides it drops strongly with the parameter increase. It is connected with strong dependence of fissionability on Z 2 /A resulting in difference of excitation energies in saddle point, determining the value of anisotropy in transition state model.
